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Introduction
The number of imprisoned people has increased worldwide over the past two decades and this is especially pronounced in South American countries [1] . The increase of prison populations is associated with a decreasing number of psychiatric hospital beds in South America [2] . In 2015, there were 247 people imprisoned per 100,000 population in Chile compared to 144 worldwide [1] . Occupancy rates in prisons are above 110% and conditions are poor [1, 3] . The prevalence of severe mental illness among prison populations worldwide is high with one in seven prisoners estimated to have major depression or psychosis [4] . Rates for affective disorders and suicide risk were particularly high in newly admitted prison populations in Chile compared to high-income countries [5] , and mental disorders and symptoms remain frequently unrecognized and untreated.
Fifteen longitudinal studies on changes in mental health symptoms within the prison environment were included in a recent review [6] . All of these studies were conducted in highincome Western countries and reported either symptoms or diagnoses with predominantly short follow-up periods [6] . The studies that used standardized diagnostic interviews [7, 8] applied self-rating instruments at screening which may have had negative effects on the representativeness of the samples. Despite the evidence being reported to be inconclusive overall, the reviewed studies suggested an improvement in mental health symptoms of sentenced prisoners over time [6] . Mental health symptoms seem to be highest at intake to prison [7, [9] [10] [11] and improvement over the course of imprisonment has been shown for consecutively imprisoned people with major depression at intake in Chile [12] .
The aim of the present study was to assess the course of mental disorders and symptoms in a South American prison context over a three-year follow-up period and to identify factors that predict improvements.
Materials and methods

Sample
We conducted a longitudinal observational follow-up study on consecutively admitted individuals to three prisons in Chile. Prisoners were assessed at baseline and three years later.
The inclusion criteria for follow-up assessments were: having participated in the baseline study in 2013 and remaining imprisoned or being consecutively imprisoned at follow-up (which was conducted between November 2016 and January 2017); living in the metropolitan region of Santiago de Chile; and having capacity to provide informed consent.
At baseline in 2013, 427 randomly selected prisoners were assessed within their first weeks of imprisonment in three central remand prison facilities of the metropolitan region of Santiago de Chile [5] . After three years, 78 were still imprisoned or had been re-imprisoned. All 78 imprisoned individuals who met the inclusion criteria at follow-up were approached for an interview. Participants were located in 8 different prison facilities for remand and sentenced prisoners: Centro de Detención Preventiva (CDP) Santiago Sur, CDP Santiago Uno, Centro Cumplimiento Penitenciario (CCP) Colina Uno, CCP Colina Dos, CDP Puente Alto, Centro Penitenciario Femenino (CPF) San Joaquin, CPF San Miguel and the nocturnal reclusion facility Centro de Educación y Trabajo.
Instruments
Age, marital status, employment status, educational level, social network, legal status, previous imprisonments, psychological and psychiatric treatment were assessed using structured questions. Marital status was categorized in the exclusive categories: single, married, co-residing, separated, divorced and widowed. Educational level was categorized according to the International Standard Classification of Education (ISCED), comprising levels 4, 5 and 6 (postsecondary education, university and doctorate degrees) to one level [13] . Legal status was dichotomized to remand and sentenced, and the type of criminal offence was recorded. The pattern of imprisonment(s) during the three-year follow-up period was obtained from prison administration as continuous or intermittent.
The Spanish version of the Mini-International Neuropsychiatric Interview (MINI) was used to establish diagnoses in accordance with the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). The MINI is a fully structured interview developed by Sheehan et al. (1998) . Since it was first used to assess the mental health status of a prison population in 2004, it has been applied in several countries [14] [15] [16] [17] [18] . The module for borderline personality disorder of the Structured Clinical Interview for DSM-IV (SCID-II) was also included in the interview [19] .
The Spanish revised version of the Symptom Check list with 90 items (SCL-90-R) was used to assess the severity of psychological symptoms. Study participants select from a 5-point Likert-type scale that ranges from 'not at all' to 'extremely'. The instrument covers symptom dimensions including Somatization, Obsessions-Compulsions, Interpersonal Sensitivity, Depression, Anxiety, Hostility, Phobic Anxiety, Paranoid Ideation and Psychoticism. The SCL-90-R was found to be a reliable and valid instrument used for the screening of imprisoned people for mental disorders and has previously been used in prison populations [10, 20, 21] .
Procedure
The procedure for the baseline assessments has been described in detail elsewhere [5] . Potential participants fulfilling the inclusion criteria were approached by the prison staff and led to private rooms for the interviews. To ensure confidentiality, interviews were held by members of the research team, in absence of prison staff and in private rooms. The field team consisted of two psychologists, one psychology student and one doctoral student in medicine. They were trained by two senior consultant psychiatrists in applying the structured and diagnostic interviews with volunteers until satisfactory consensus between the interviewers was reached. To further ensure consensus, the first 30 interviews with imprisoned individuals were conducted by two members of the field team, of which one was the active interviewer. The role of the active interviewer was alternated. Ratings and diagnoses were then compared and discussed.
Written and oral informed consent was obtained from every participant prior to inclusion in the follow-up assessment. The study information contained a statement that study participation was voluntary and independent from all legal issues or other benefits. After resolving all questions, it was emphasized that the consent to participate could be withdrawn at any later point of time without further explanations and without any consequences. Capacity to provide informed consent was deducted from the capacity to sufficiently concentrate on the oral and written study information and to reproduce parts of it in order to show that contents and procedures were understood. No treatments were offered to participants of the study. 
Analyses
Socio-demographic characteristics and prevalence rates of mental disorders were calculated as per cent values at baseline and at follow-up. The age and the scores on the SCL-90-R were calculated as means with standard deviations. McNemar tests were conducted to test whether, and how, the prevalence of mental disorders differed between baseline and follow-up. A paired sample t-test was used to assess the difference between the mean GSI and subscale scores on the SCL-90-R symptom score at baseline and follow-up. A paired sample t-test was also used to test whether mean GSI scores differed for groups of diagnostic entities at baseline. Analysis of variance with parameter estimates was used to assess the association of prespecified sociodemographic factors and groups of diagnostic entities at baseline with change of the GSI. We included gender, educational level, which was dichotomized for this purpose as low (ISCED 0-1) and other (ISCED 2-6), any mental health treatment, working (including working for remuneration or studying), legal status (remand vs. sentenced) and consecutive vs. intermittent imprisonments during follow-up (interval(s) outside prison during follow-up). Psychiatric morbidities at baseline were included. P-values <0.05 were considered statistically significant. All statistical data analyses were conducted using SPSS version 24.
Results
At three-year follow-up 78 individuals were eligible for participation in the follow-up study. Three did not respond on the third call, one did not give consent and one was ineligible due to acute psychotic symptoms incompatible with the interview. The non-response rate was therefore 3.8% and the refusal rate was 2.5%, adding up to 6.4%. Seventy-three prisoners were included in the follow-up study, of which 37 (51%) had been released from prison at least once since the baseline assessment. All participants in the study completed the MINI, with 72 participants completing the SCL-90-R (data missing for one participant).
Socio-demographic characteristics
Socio-demographic characteristics of the sample are reported in Table 1 as total numbers and as percentage values. Most imprisoned individuals were non-migrant Chileans, male, single and had low educational levels. Fifty-three (73%) had at least one child. Three years after the baseline assessments 61 (84%) were sentenced, with almost half of these sentences being for violent crimes. Apart from three women in nocturnal imprisonment, all were in complete imprisonment. At follow-up, over 90% received visitors, more than half of the sample at least weekly. Fifty-two participants (71%) did not work for income, 16 (22%) were in paid employment, and two (3%) were in full time study. Ten (14%) prisoners had received specialized mental health treatment at least once within the follow-up period, one as an inpatient and 13 (18%) reported using prescribed medication on a regular basis. Mental disorders at admission and at follow-up DSM-IV diagnoses at admission and at follow-up as well as the outcomes of the McNemar tests are reported in Table 2 . Out of 47 (64%) individuals with major depression at baseline, 17 (23%) still met the diagnostic criteria at follow-up, and 26 (36%) had been remitted at followup and there were 6 new cases. The prevalence decreased from 64% to 32% (p<0.001). The prevalence of anxiety disorders was 32 (44%) at baseline and 27 (37%) at follow-up. The prevalence of current psychotic disorders decreased from 20 (27%) at baseline to 8 (11%) at followup (p = 0.008). Personality disorders (borderline and antisocial PD) were present in 52 (71%) at baseline and in 51 individuals (70%) at follow-up. Forty-seven (64%) had substance use disorder at baseline and 36 (50%) at follow-up. There were 10 new cases of illicit drug use disorders among the 26 prisoners who did not have this disorder at baseline.
Suicide risk
Suicide risk was present in 45 (62%) participants at baseline and in 35 (48%) at follow-up. Prevalence rates of high and moderate suicide risk dropped to half (moderate suicide risk from 10 to 5, high suicide risk from 21 to 10) while prevalence of low suicide risk increased from 14 (19%) to 20 (27%). Eleven participants (15%) attempted suicide during the three-year imprisoned period, 9 during the current imprisonment, 7 of them had shown high suicide risk at baseline.
Psychological symptoms
The mean values of the GSI and the nine subscale scores at baseline and follow-up are reported in Table 3 . Mean symptom scores of the GSI and all subscales decreased, reaching significance on all subscales except hostility. Thirty-seven (51%) showed reliable clinical change (improvement), 35 (49%) deteriorated or did not reach the level of reliable clinical change.
The mean GSI at baseline and follow-up is shown for different diagnostic groups at baseline in Table 4 . All groups, except those with psychotic disorders, showed significant symptom improvements. The mean GSI scores for people with psychosis at baseline remained high at follow-up compared to groups with other diagnoses.
Factors associated with symptom change
The association between socio-demographic variables, prison related variables, psychiatric morbidities at baseline and change of the GSI are reported in Table 5 . In the analysis of variance, working during imprisonment showed the strongest association with improvement of 
Discussion
Main findings
The prevalence of major mental illnesses including depression and psychotic disorders was significantly lower at the 3-year follow-up than at intake into prison. Psychological symptom levels improved between baseline and follow-up in all domains. Working for remuneration or studying during imprisonment showed the strongest association with symptom improvement at follow-up. People with depression at baseline were likely to show marked improvements of psychological symptoms, whereas people with psychosis at baseline had the smallest symptom improvements at follow-up. 
Strengths and limitations
To our knowledge, this is the first study of its kind in South America and has several methodological strengths. It follows the course of psychiatric disorders in a random admission sample. The sample is representative of people consecutively admitted to the penal justice system who are continuously or intermittently imprisoned after three years. The response rate at follow-up was very high (94%). The study used standardized and validated diagnostic instruments applied by trained researchers. The major limitation of this study is the relatively small sample size, which limits the power of the statistical tests. Also, comorbidity was not taken into account, and diagnostic groups may be overlapping, potentially complicating the prediction of long-term courses. The sample was not representative for the total prison population. Corresponding to the longitudinal longterm follow-up design of the study, we only recruited people continuously or intermittently involved with the penal justice system over a relatively long time period. The study design over-represents prisoners with long sentences and high turnover rates compared to the total prison population.
Interpretations and comparison with the literature
The prevalence of major depression decreased mostly without specific therapeutic interventions. These findings are in line with other studies from prison samples in high-income countries. Longitudinal studies in such samples indicated that levels of depression decrease during imprisonment [6, 7] . This seems to hold true in this South American context with a more poorly resourced prison system. Studies in prison populations with follow-up periods of one year or more after intake reported that more than half of the individuals with major depression show remission at follow-up [11, 12] . This is similar to the results in a naturalistic study on the course of major depression in the community that found 40% still had depression after one year [22] . Even though we found lower prevalence of major depression at follow-up in this study, there are substantial numbers of people who still experience depression after three years, and other new cases of depression that need to be considered for service development [23] .
The prevalence of psychosis was lower at follow-up, but symptom levels remained high in this group. People with psychosis at intake should be prioritized with respect to screening and Including major depression, recurrent major depression b including current panic disorder, agoraphobia, social anxiety disorder, generalized anxiety disorder; OCD = obsessive-compulsive disorder; PTSD = posttraumatic stress disorder c including current psychotic disorder, current psychotic mood disorder; PD = personality disorder (including borderline personality disorder and antisocial personality disorder); IDUD = illicit drug use disorder (including drug dependence and drug abuse); AUD = alcohol use disorder (including alcohol dependence and alcohol abuse); n.s. = non-significant.
https://doi.org/10.1371/journal.pone.0213711.t004
treatment development since the course of their disorders may be relatively unfavorable in the prison environment. Substance use disorders constitute an important health problem among prisoners [24] [25] [26] . They increase the risk of reoffending on release [27] and mortality [28, 29] . Prevalence rates of substance use disorders have been shown to be especially high at admission to the penal justice system [30] . Interestingly, individuals with dependence disorders were described to have lower risk of psychiatric disorders in prison, and may even benefit from the prison environment [31] . Our data did not show significantly lower rates of substance use disorders at follow-up. There were 10 new cases of illicit drug use disorders (IDUD) and 7 new cases of alcohol use disorders (AUD) among people who had not shown those disorders at intake to prison. On average, individuals with AUD showed the largest improvement with regard to both symptom levels and suicide risk. This appears to be a consequence of the alcohol ban inside prison, which is probably more effective than the ban on illicit drugs. We did not see the same level of symptom improvement for people with IDUD, which suggests that illicit drug use is easier to including treatment by general physician, psychiatrist or psychologist for mental health problems or any use of prescribed psychotropic medication f including major depression, recurrent depression g including current panic disorder, agoraphobia, social anxiety disorder, generalized anxiety disorder, obsessive-compulsive disorder, posttraumatic stress disorder h including current psychotic disorder, current psychotic mood disorder; PD, personality disorder (including borderline personality disorder and antisocial personality disorder); IDUD = illicit drug use disorder (including drug dependence and drug abuse); AUD = alcohol use disorder (including alcohol dependence and alcohol abuse) n.s. = non-significant. � Coefficient B of the parameter estimates >0 indicates higher mean GSI for the reference category (less symptom improvement than expected), Coefficient B <0 indicates lower mean GSI for the reference category (more symptom improvement than expected).
https://doi.org/10.1371/journal.pone.0213711.t005 maintain during imprisonment. The controlled prison environment may therefore provide an opportunity for successful therapeutic interventions for substance use disorders.
Anxiety disorders remain high during imprisonment, as well as personality disorders which we expected to be relatively stable.
Risk for suicide in prison is high [32] and has been linked to clinical, environmental and socio-demographic factors [33] [34] [35] , and more specific factors such as separation from family due to imprisonment [36] . At follow-up mean risk of suicide decreased which is in line with reduced symptom scores and the decrease of major depression and psychotic disorders. Despite a decrease in the number of prisoners who reported a moderate to high suicide risk, there was an increase in people reporting a low suicide risk at follow-up compared to baseline. Furthermore, 15% of the sample attempted suicide during the 3-year follow-up period, of which the majority had a high suicide risk at admission. This indicates that assessment of mental health and risk factors for suicide at admission is vital, and subsequent interventions for suicide prevention are needed in newly imprisoned populations [37] .
Global distress and all nine dimensions of psychopathology covered by the SCL-90-R improved significantly during the three years of follow-up, but rates remained above those of the general public (as established in a study in Chile [38] ). Longitudinal studies with shorter follow-up periods have applied the SCL-90 to imprisoned people [10, 21] and showed higher symptom scores at imprisonment than after five days and four weeks respectively. Since the symptom scores on the SCL-90 reflect mental states in the week prior to the assessment, studies conducted on the day of intake may rather reflect mental health states prior to imprisonment. The scores after five days, reflect health states during the first week of imprisonment suggesting symptom improvements at very early stages of imprisonment. This overall trend seems to continue for most prisoners over longer terms of imprisonment. A significant decrease of symptom scores in individuals with depression was shown by a British study that compared the decrease of psychological symptom levels between imprisoned individuals with and without mental illness at confinement [7] .
Short-term prisoners had lower levels of distress than long-term prisoners, which has also been observed in another sample of imprisoned individuals [39] . The international literature points to symptom improvement in sentenced individuals as compared to those who remain on remand [7] . Whereas all participants in our study were on remand at baseline, the majority was sentenced at follow-up. The sentencing may improve the sense of control and predictability and thus have positive impact on mental health. Meaningful occupation seems to be an important factor for mental health outcomes, and is part of the UN Minimum Rules for treatment of imprisoned individuals to offer remunerated work, vocational training or education aimed at the full development of the human personality [40] . Even though imprisoned individuals would deliberately choose work or education over doing nothing [41] , in this study only one out of four had worked or attended educational programs during the three year follow-up. Beyond the mental health benefits during imprisonment, work and educational programs have positive effects on rehabilitation and recidivism after release [42, 43] . Given the positive interaction of work and mental health symptoms, further expansion of current programs is warranted.
